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体探针构建实验技术平台。通过重叠延伸 PCR 定点法突变 M13KE 质粒的三个
位点，在 pVIII 基因区插入 PstI 和 BamHI 双酶切位点，在多克隆区删除 PstI
位点。在突变成功的噬菌体的 pVIII 蛋白插入 Streptavidin 的特异识别序列-VSS
片段，作为报告位点，在 pIII 衣壳蛋白中插入 O157:H7 的 H7 抗原的识别序列
-LHI 片段，作为捕获 O157:H7 的位点。尝试使用构建成功的双功能噬菌体作为
探针在传统流式细胞仪上检测 O157:H7。 
第五章是利用实验室自行研制的超高灵敏流式检测仪，发展噬菌体的绝对
计数方法。我们采用 SYTOX Orange 荧光染料对噬菌体 T7 和 M13 的 DNA 进
行染色，进而在双通道超高灵敏流式检测仪（HSFCM）上检测。HSFCM 可以

























Rapid and sensitive detection of pathogenic bacteria is vital to clinical 
diagnostics, environmental and food safety, and biodefense. Antibody-based 
immunoassay is the most commonly used methods for bacterial detection, yet 
specific monoclonal antibodies are difficult to acquire and are very expensive. 
Bacteriophages (or phages for short) are the most abundant organism in the 
environment with a population approaching 1031. Phages are obligate parasites of 
bacteria, using the resources of the bacterial cell to replicate. Typically, one phage 
can attack only specific strains of targeted bacterial species, and host specificity is 
usually determined by the outer proteins (receptors) of the bacterium to which a 
phage attaches during the initial infection process. Naturally occurring phages are 
ubiquitous and extremely numerous and represent a practical source of reagents for 
bacterial recognition and identification. Various phage-mediated assays have been 
developed for specific bacterial detection. 
The Nobel Prize winner Roger Tsien and his coworkers have developed an 
innovative method for site-specific fluorescent labeling of recombinant proteins in 
live cells. A tetracysteine (TC, Cys-Cys-Xaa-Xaa-Cys-Cys) peptide tag is 
genetically incorporated into the target protein of interest where it can be 
specifically recognized by a membrane-permeant fluorigenic biarsenical dye such as 
fluorescein arsenical helix binder (FlAsH). TC residues are significantly smaller 
than fluorescent proteins and therefore are less likely to disrupt protein function. 
There are several additional advantages of using biarsenical-tetracysteine probes for 
site-specific labeling of intracellular proteins: 1) the TC motif is detectable by 
biarsenical dye immediately after synthesis, and the requirement of folding or 
post-translational modifications are not needed; 2) biarsenical dyes are 















analogues of FlAsH with improved photophysical properties have been synthesized, 
and the addition of new colors to the palette of biarsenical dyes greatly increases 
assay flexibility.  
Chapter two and three describe the development of a novel method for 
bacterial detection that integrates the benefits of natural phage specificity and rapid 
phage replication within bacterial hosts with the high sensitivity of biarsenical 
labeling of tetracysteine-tagged proteins. A recombinant (“reagent”) phage is 
constructed by cloning a DNA sequence encoding a TC motif into a phage (M13 
and T7) coat protein gene. The recombinant TC-tagged phage is used to inoculate 
the bacterial sample. After recognition and binding, phage DNA is injected into the 
host cell’s cytoplasm, where it directs the production of progeny phages. Phage 
replication in the infected host yields a large number of progeny phages with 
capsids displaying TC-tags that can be fluorescently labeled by the 
membrane-permeant biarsenical dye FlAsH-EDT2 to illuminate the bacterium. The 
labeled bacteria are readily detectable by flow cytometry and fluorescence 
microscopy.  
Chapter four discribes the construction of a bifuctional phage probe for 
pathogen bacteria detection based on phage display technology. We mutant three 
sites of M13KE by overlap extention PCR, insert the PstI/BamHI double 
endoenzyme sites in the pVIII gene and delete the PstI at the multiple clone sites. 
For the detection of E.coli O157:H7 by flow cytometry, we constructed a 
recombinant bifunctional phages probe. The pVIII coat protein is inserted by a VSS 
fragment which can be specific recognized by streptavidin as the report site. And the 
pIII coat protein is confused with LHI fragment which can be recognized by the H7 
antigen as the capture site.  
Chapter five presents the development of bacteriophage counting approach 
based on a laboratory-built high sensitive flow cytometer. We incubate the SYTOX 
Orange with the M13 and T7 bacteriophage. The weak fluorescence emitted by each 
















 In summary, the main contribution of this thesis is the development of new 
analytical methods for bacteria detection using bacteriophages. Firstly, we 
developed a novel method for bacterial detection that integrates the benefits of 
natural phage specificity and rapid phage replication within bacterial hosts with the 
high sensitivity of biarsenical labeling of tetracysteine-tagged proteins. Secondly, we 
constructed a bifunctional phage probe for pathogenic bacteria detection. In the end, 
employing a laboratory built high HSFCM, we developed a rapid and sensitive 
method of single bacteriophage enumeration.  
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界卫生组织(WHO)统计，全球每年仅 5 岁以下儿童的腹泻病例达 15 亿例，造成
300 万儿童死亡，其中约 70%是由于各种致病微生物污染的食品和饮水所致[1]。
据美国疾病预防与控制中心（CDC）的统计，美国每年约发生 7,600 万例食源性
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